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A vida real de um pensamento dura apenas até
ele chegar ao limite das palavras: nesse ponto,
ele lapidifica-se, morre, portanto, mas continua
indestrutível, tal como os animais e as plantas
fósseis dos tempos pré-históricos.
Essa realidade momentânea da sua vida
também pode ser comparada ao cristal, no
instante da cristalização.
Pois, assim que o nosso pensamento encontra
as palavras, ele já não é interno, nem está
realmente no âmago da sua essência. Quando
começa a existir para os outros, ele deixa de
viver em nós, como o filho que se desliga da
mãe ao iniciar a própria existência.
Arthur Schopenhauer,





A dificuldade na mastigação é o mecanismo mais provável pelo qual as 
condições precárias de saúde bucal podem afetar a alimentação. Assim, o objetivo 
deste estudo foi avaliar a performance mastigatória em 97 crianças na faixa etária 
de 08 a 12 anos de idade, considerando as categorias de Índice de Massa de 
Corporal (IMC) e as condições dentárias. Além disso, as variáveis 
sociodemográficas foram obtidas para associar às categorias do IMC. As 
condições dentárias foram avaliadas pelo índice CPOD/ceo e o número de dentes 
presentes.  A performance mastigatória foi determinada pela mastigação de 17 
cubos do material teste Optocal (3 cm3) durante 20 ciclos mastigatórios. O grau de 
fragmentação foi determinado pelo método da peneiragem fragmentada, obtendo-
se o valor mediano (X50) das partículas e a distribuição destas nas peneiras (b). As 
crianças foram submetidas à avaliação antropométrica, com medida do peso 
corporal e altura para cálculo do IMC (kg/m2). Os percentis das curvas de 
crescimento foram utilizados como referência para definição dos grupos, de 
acordo com as seguintes categorias: “obesos” (IMC ≥ percentil 95); “sobrepeso” 
(percentil 85 ≥ IMC < percentil 95); peso “normal” (percentil 5 ≥ IMC < percentil 
85); “baixo” peso (IMC < percentil 5). O grau de escolaridade das mães foi 
categorizado em primeiro grau (até oito anos de escolaridade) e segundo grau (até 
onze anos de escolaridade). As condições socioeconômicas foram classificadas 
de acordo com oito classes econômicas (A1, A2, B1, B2, C1, C2, D e E), onde a 
classe A representa o maior poder aquisitivo. Os dados foram comparados entre 
os grupos pela análise de variância e teste de Tukey como post-hoc. Coeficientes 
de Pearson e Spearman, teste Qui-quadrado e análise de regressão logística 
múltipla foram também aplicados. Os resultados mostraram que o grupo com peso 
“normal” apresentou valor de X50 significativamente menor que o grupo “sobrepeso 
e obeso”, denotando melhor performance mastigatória; no entanto, não se 
observou diferença significativa com o grupo “baixo” peso. As comparações dos 
valores de “b”, CPOD, ceo e número de dentes não mostraram diferença 
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significativa. A maioria das famílias pertencia à classe socioeconômica baixa em 
todos os grupos e o número de mães com primeiro grau de escolaridade foi 
significantemente maior em relação às do segundo grau nos grupos com peso 
“normal” e “sobrepeso e obeso”. O valor de X50 apresentou correlação negativa e 
significativa com a idade no grupo “baixo” peso e correlação positiva com o CPOD 
no grupo peso “normal”. As crianças com peso considerado abaixo do normal 
apresentaram risco maior de performance mastigatória mais deficitária do que o 
grupo “normal” (OR = 1.87). Para as outras variáveis o risco foi similar, assim 
como para o grupo “sobrepeso e obeso”. Concluiu-se que crianças com 
sobrepeso/obesas apresentaram pior performance mastigatória do que as com 
peso “normal”. A condição de pior performance mastigatória foi significativamente 
associada com o grupo de ”baixo” peso e com as condições dos dentes 
permanentes em crianças com peso “normal”. O nível socioeconômico e o grau de 
escolaridade não tiveram associação com as categorias do IMC. 
 











Difficulty in chewing is probably the most likely mechanism by which 
poor oral health status may affect dietary intake, thus the aim of this study was to 
evaluate the masticatory performance in 97 children aged from 8 to 12 years 
considering the categories of Body Mass Index (BMI) and dental conditions. 
Furthermore, socio-demographic variables were taken into account for associating 
with the categories of BMI. Dental conditions were appraised by DMFT/dmf and 
number of teeth. The masticatory performance was determined by chewing 17 
cubes of chewable test material (3 cm3) over the course of 20 cycles. The degree 
of fragmentation was determined by the sieving method, for obtaining the median 
particle size (X50) and broadness of distribution (b). BMI was calculated as the 
body weight (kg) divided by the height squared (m2) and put into the respective 
Growth Charts for determining the percentiles. The following categories were 
considered: “obese” (BMI ≥ 95th percentile); “overweight” (85th percentile ≥ BMI < 
95th percentile); “normal” weight (5th percentile ≥ BMI < 85th percentile); 
“underweight” (BMI < 5th percentile). Maternal schooling was categorized in first 
degree (until eight years of schooling) and second degree (until eleven years of 
schooling). Socioeconomic status was classified according to eight economic 
classes (A1, A2, B1, B2, C1, C2, D and E), where class A is of larger purchasing 
power. The data were compared among groups by ANOVA and Tukey`s test as 
post-hoc. Pearson and Spearman’s coefficients, chi-square test and multiple 
logistic regression analysis were also applied. The results showed that “normal” 
group presented significant smaller X50 than the “overweight and obese” group, 
meaning a better masticatory performance, whereas no significant difference was 
observed with “underweight” group. Comparisons of “b”, DMFT, dmf and number of 
teeth showed no significant differences among groups. The most of the families 
belonged to very low economic class in all groups and the number of mothers with 
first degree was significant larger than the ones with second degree, in “normal” 
and “overweight and obese” groups. Age showed a negative and significant 
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correlation with X50 in the “underweight” group. DMFT showed a positive and 
significant correlation with X50 in “normal” group. Underweight children are at 
higher relative risk of exhibiting poor masticatory performance than “normal” weight 
children (OR = 1.87). For other variables the risks were similar, as well as for 
“overweight and obese” children. It was concluded that “overweight/obese” children 
presented lower masticatory performance than “normal” children. Poor masticatory 
performance had a significant relationship with being “underweight” and with the 
conditions of permanent teeth in “normal” children. Economic class and years of 
schooling were not associated with BMI categories.  
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A mastigação tem como função a fragmentação dos alimentos para que 
ocorra a deglutição e a digestão adequadas. A preferência por alimentos, a dieta e 
a nutrição podem ser afetadas pelas condições dentárias, sendo que a dificuldade 
na mastigação é o mecanismo mais provável pelo qual a saúde bucal 
comprometida pode afetar a ingestão de alimentos (Papas et al., 1989). A 
manutenção da performance mastigatória, que consiste na mensuração da  
capacidade do indivíduo em fragmentar alimentos,  parece ser determinante crítico 
da habilidade individual para ingerir uma variedade de alimentos que proporcione 
estado nutricional favorável (Wayler & Chauncey, 1983). 
No Brasil, a rápida diminuição das taxas de desnutrição associada ao 
aumento das taxas de obesidade tem ocorrido em curto intervalo de tempo, 
despertando preocupação e interesse de profissionais da saúde (Fernandes et al., 
2006).  Um dos índices internacionais mais utilizados para a avaliação do estado 
nutricional em crianças e adolescentes é a distribuição percentilar para o índice de 
massa corpórea (IMC), com limites para sobrepeso e obesidade na faixa etária de 
dois a 20 anos (Cole et al., 2000). Define-se como sobrepeso crianças com IMC 
entre os percentis 85 e 95; como obesas, aquelas com IMC acima do percentil 95, 
e desnutridas abaixo do percentil 5. A antropometria permite monitorar o estado 
nutricional com boa acurácia, desde que as técnicas de medidas sejam 
adequadas, e possui como vantagens o benefício de se tratar de método de baixo 
custo, é não invasivo, universalmente aplicável e com boa aceitação pela 
população (Dietz & Bellizzi, 1999). As relações que levam em consideração peso e 
altura apresentam grande precisão, porque tais medições oferecem baixa margem 
de erro.  
Presume-se que a função mastigatória pode ter influência no estado 
nutricional de crianças, assunto este pouco abordado na literatura. Sabe-se que a 
performance mastigatória diminui com a perda de dentes e com alterações bucais 
em geral. Quando as superfícies oclusais estão comprometidas por lesões 
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cariosas ou restaurações inadequadas, por exemplo, os pacientes não tendem a 
compensar mastigando mais; ao invés disso, deglutem partículas maiores (Omar 
et al., 1987; Wilding, 1993) e/ou dão preferência a alimentos macios, mais fáceis 
de mastigar, que podem apresentar conteúdo nutritivo inadequado (Wilding, 1993). 
Assim, observando estes fatores, o diagnóstico precoce de alterações da 
mastigação possibilitará intervenções que poderão influenciar tanto o processo 
mastigatório como o desenvolvimento da saúde bucal e geral do indivíduo, o qual 
por sua vez, poderá influenciar o desenvolvimento do sistema estomatognático, 




































O objetivo deste estudo foi avaliar a performance mastigatória em 
crianças, considerando o índice de massa corporal (peso/altura2) e as condições 
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Purpose: The aim of this study was to evaluate masticatory performance, 
considering the categories of Body Mass Index (BMI) and dental conditions in 
children. Methods: Ninety-seven children aged from 8 to 12 years were selected. 
Dental conditions were appraised by DMFT/dmf and number of teeth. Masticatory 
performance was determined with a chewable test material (Optocal) over the 
course of 20 cycles, obtaining the median size (X50) and broadness of distribution 
(b) by the sieving method. The groups were determined based on the percentiles 
of BMI according to Growth Charts (normal weight, underweight, 
overweight/obese). Maternal schooling and socioeconomic status were also 
assessed. The data were analyzed by ANOVA and Tukey´s test, Pearson and 
Spearman’s coefficients, the Chi-square test and multiple logistic regression. 
Results: The “normal” group presented a better masticatory performance than the 
“overweight/obese” group; the broadness of distribution (b) and dental conditions 
showed no significant differences among groups. Most of the families in all groups 
belonged to a very low economic class, and most of the mothers had limited 
schooling (until 8 years). X50 was negatively correlated with age in the 
“underweight” group and positively with DMFT in the “normal” group. Underweight 
children were at higher relative risk for exhibiting poor masticatory performance 
than “normal” ones (OR=1.87). For other variables and groups, the risks were 
similar. Conclusions: Overweight/obese children presented lower masticatory 
performance than normal children. Poor masticatory performance had a significant 
relationship with being underweight and with the conditions affecting permanent 
teeth in normal children. Economic class and years of schooling were not 
associated with BMI categories.  
 
Key Words: Mastication, Body mass index, Underweight, Overweight 
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Introduction 
Nowadays, more than ever before, there is an increasing interest in child 
and adolescent obesity and malnutrition since these conditions are of importance 
to public health. Obesity and malnutrition represent opposite extremes on the 
spectrum of adiposity, and both are routinely quantified in terms of weight and 
height relative to the child’s age1. Moreover, people are concerned with optimizing 
their health by acquiring nutritional information and applying it to their daily lives 
because obesity and other nutritionally related chronic disorders are on the rise.2 
Chewing problems can contribute to poor nutritional status. It has been reported 
that dental status can affect food preference, dietary intake and nutrition.3 Difficulty 
in chewing is probably the most likely mechanism by which poor oral health status 
may affect dietary intake.4,5  
Under normal conditions, chewing promotes adequate nutrition, digestion 
and absorption of nutrients and directly affects the individual’s quality of life. It must 
be considered that chewing is a learning experience. It is a complex process 
characterized by the comminution and breakdown of foods into smaller particles to 
facilitate digestion.6 Objective masticatory function can be measured by 
determining an individual's capacity to grind or pulverize a test food. The rate of 
breakdown of food depends on many anatomical and physiological variables, 
including chronological age7, severity of the malocclusion, area of occlusal contact 
and near contact area7-9, body size7, number of functional teeth and bite force.7 
In this way, the study of the comminution of solid food is of interest in 
revealing the relative importance of these various factors as they pertain to 
masticatory performance and nutrient absorption. 
The aim of this study was to evaluate masticatory performance in children, 
considering the categories of Body Mass Index (BMI) and the dental conditions, 
such as caries and number of teeth. Furthermore, socio-demographic variables 
were taken into account for association with the categories of BMI.  
 7
Methods 
Children from the Public Schools of Piracicaba-SP-Brazil were invited to 
participate in this study. First, 170 children from 8 to 12 years old, in mixed 
dentition stage, were examined. Next, 97 children, 44 boys and 43 girls, who 
fulfilled the inclusion criteria and agreed to participate were selected. Written and 
verbal consent were obtained from each child´s parents and the research was 
approved by the Ethics Committee of Piracicaba Dental School, University of 
Campinas, Brazil. Both children and parents were informed about the procedures, 
discomfort or risks, and the benefits of the research.  
The exclusion criteria were the presence of a systemic disturbance that 
could compromise the masticatory system; neurological disorders; cerebral 
paralysis; the use of drugs that depress the central nervous system, directly or 
indirectly involving muscular activity; antihistamine treatment, sedatives, syrups, 
homeopathy treatment; and inappropriate behavior and/or refusal to participate in 
the evaluation of the variables observed during the clinical examination. Patients in 
need of dental treatment were asked to go to the Clinics of Pediatric Dentistry of 
Piracicaba Dental School - University of Campinas (FOP/UNICAMP), Piracicaba, 
SP, Brazil. 
Data collection 
Information about dental-medical history, socioeconomic conditions of the 
family and mother’s degree of education were obtained via a structured 
questionnaire answered by the parents. 
Two calibrated examiners evaluated the children for dental caries in 
accordance with World Health Organization criteria.10 All examinations took place 
at the children’s school, out of doors in daylight, but not in direct sunlight. The dmf  
(sum of decayed, missing and filled teeth in the primary dentition) and DMFT (sum 
of decayed, missing and filled teeth in the permanent dentition) indexes were used 
to assess caries status. The teeth were cleaned with gauze before examination, 
which was performed using a mouth mirror and a round probe. 
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Before the dental examination, the examiners underwent a calibration 
session, resulting in inter-examiner kappa scores of 0.96 for DMFT/dmf. The intra-
examiner reliability was verified by conducting replicate examinations in 20 
individuals, with a kappa score of 0.95. 
Masticatory Performance technique 
For masticatory performance evaluation, blocks of artificial chewable test 
material – Optocal11 - were prepared using the following components: Optosil 
7.125 g (NF®), toothpaste 3.375 g (Colgate®), vaseline 0.375 g (Rioquímica®), 
powder of dental plaster 1.125 g (Herodent-SoliRock-Vigodent®) and alginate 
powder 0.5 g (Jeltrate®). The putties were mixed with catalyst paste (0.225 g) and 
arranged in moulds, giving cubes with an edge size of 3 cm3. After setting, the 
samples were stored in an electrical stove for 16 h at 60ºC to ensure complete 
polymerization. 
Chewing test: Children were instructed to chew 17 cubes (forming approximately 
3 cm³) and were trained before the experiment. During the chewing test, they 
performed 20 strokes under examiner supervision. The chewing was unrestricted 
and could be performed uni- or bilaterally. The procedure was carried out twice. 
After mastication, each child spat the sample into a plastic cup covered with filter 
paper; the patient’s mouth was then rinsed with water. The child expelled 
remaining mouth contents until all particles were removed. The mouth was 
checked to verify that no test material particles remained. If any particle 
remained, it was removed with a dental nipper. After washing and drying, the 
chewed particles were sieved through a stack of 10 sieves, with square apertures 
ranging from 5.6 to 0.5 mm. The sieves were stacked on a mechanical shaker 
and the sample was vibrated for 20 minutes. Next, the amount of test food on 
each sieve and on the bottom plate was weighed to the nearest 0.0001 g. The 
degree of fragmentation of the food (chewing performance) is indicated by the 
median particle size, X50, which is the aperture of a theoretical sieve through 
which 50% of the weight of the comminuted food could pass. A large value of X50 
indicates a poor masticatory performance. 
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The distribution by weight of particle sizes of the comminuted test food 
was mathematically described by a cumulative function (Rosin-Rammler 
equation), 
     
in which Qw is the weight fraction of particles with a size smaller than X. The 
variable ‘‘b’’ represents the size spread of the distribution (broadness variable), 
reflecting the extent to which the particles are equally sized. Increasing values of 
“b” correspond to curves with steeper slopes and thus to distributions of particle 
sizes that are less broad. The variables X50 and “b” were determined by curve-
fitting the data to the equation with nonlinear regression. 
Body Variables 
The height and weight of each child were determined without shoes and 
while the patient was wearing light clothing. Weight was measured to the nearest 
0.1 kg using a portable electronic scale, which was calibrated before use. Each 
child was instructed to stand still, with mass equally distributed between the feet, 
until the scale reading stabilized. The mass was then recorded. For height, a tape 
measure was attached to the wall. The child stood with his/her back to the wall, 
heels touching the wall, arms at the sides, head raised and looking forward. Palms 
were turned inwards, resting on the thighs. The height measurement was defined 
as the distance from the floor to the vertex, in the mid-sagittal plane.  
Body Mass Index (BMI) was calculated as the body weight (kg) divided by 
the height squared (m2). The values were analyzed in the context of the respective 
Growth Charts. The percentiles for each child were determined, considering the 
following categories:   
- Obese, if their BMI was at or above the 95th percentile for their age 
- Overweight, if their BMI was at or above the 85th percentile and below 
the 95th percentile 
- Normal weight, if their BMI was at or above the 5th percentile and below 
the 85th percentile 
- Underweight, if their BMI was below the 5th percentile 
 10
The criteria used to establish the groups were based on those provided by 
the American Academy of Pediatrics.12 
The sample distribution is described in Table 1.  
 
Maternal schooling 
The mother's schooling was categorized as either first degree (up to eight 
years of schooling) or second degree (up to eleven years of schooling). 
 
Socioeconomic status 
Socioeconomic status (SES) was assessed in accordance with ABEP 
(Associação Brasileira de Empresas de Pesquisa),13 which classifies the family 
according to eight economic classes (A1, A2, B1, B2, C1, C2, D and E), where 




The data included descriptive and analytic statistics and were analyzed 
using SPSS Version 13.0 for Windows, with α=0.05.  
The assumptions of equality of variances and normal distribution of errors 
were checked for all tested variables (Shapiro-Wilks W-test). The values of the 
median particle sizes, broadness of the particle size distribution (“b” value), dmf, 
and DMFT were compared among groups using ANOVA and Tukey’s test as 
post-hoc.  
The correlations among the variables were assessed by Pearson or 
Spearman’s coefficients, when indicated. 
The chi-square test was used to measure the association between degree of 
mother's education, the socioeconomic level (family income) and the body 
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variables. 
Multiple logistic regression analysis was used in two tests of the relationship 
among explanatory variables with dichotomous outcome variables, after controlling 
for the others factors. The first outcome was “underweight” (“underweight”=1, 
“normal” weight=0) and the second was “overweight/obese” 
(“overweight/obese”=1, “normal”=0). The explanatory variables X50 (continuous 
variable), gender, DMFT, and dmf (dichotomous variables) were forced to enter 
into the model [boy=0, girl=1; caries free=0 (DMFT and dmf=0), caries presence=1 




Table 1 presents the sample distribution in relation to demographic, 
masticatory and oral characteristics.  
There were no statistically significant differences (p>0.05) between boys 
and girls for any of the variables studied, so the data were pooled. The 
“overweight” (n=24) and “obese” (n=6) categories were also pooled in order to 
obtain reliable statistical results. 
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Table 1 - Distribution of children according to age, gender (n), BMI, X50 and “b” 
values, DMFT, dmf and number of teeth (Mean ± Standard deviation) 
 Normal Underweight Overweight/obese† 
n 43 (44%) 24 (25%) 30 (31%) 
Age (8 to 12 y) 10.00±1.57 10.29±1.27 10.13±1.38 
Gender    
        Boys (n) 16 13 15 
Girls (n) 27 11 15 
BMI 16.56±1.85 13.343±1.02 21.342±3.96 
X50 4.604±1.00* 4.714±1.12 5.339±1.48*  
“b” 2.420±0.37 2.225±0.31 2.541±0.97 
DMFT 0.88±1.33 0.750±1.23 0.97±1.71 
dmf 1.28±1.96 0.667±1.40 0.77±1.48 
No. of Teeth  24±2 25±2 25±2 
* P=.02 
† The overweight (n=24) and obese (n=6) categories were pooled in order to obtain reliable 
statistic results 
 
On comparing X50, the “normal” group presented a significantly smaller 
size than the “overweight/obese” group, indicating better masticatory 
performance (P=.02). Conversely, no significant differences were observed 
between “normal” and “underweight” groups, or between “underweight” and 
“overweight/obese” groups. There were no significant differences in “b”, DMFT, 
dmf or teeth values among groups.  
 
Table 2 demonstrates the distribution of the sample in agreement with the 
degree of mother's education and the socioeconomic status (family income). In 
“normal” and “overweight/obese” groups, there were significantly more mothers 
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with first degree education than with second degree education (χ2=10.256, P=.002 
and χ2=8.533; P=.006, respectively); for the “underweight” group, this proportion 
was similar. With regard to socioeconomic status, most of the families belonged to 
a very low economic class, without significant differences among groups.  
 
 
Table 2 - Distribution of the sample (n=97) in agreement with maternal schooling 
and socioeconomic status (family income)  
  Normal Underweight Overweight/obese 
First degree 32a 15a 23a Mother’s 
schooling  Second degree 11b 8a 7b 
Low economic (Class C)  1 1 2 Socioeconomic 
status Very low economic (Class D/E) 42 23 28 
Values followed by different small superscript letters are significantly different in intra-
group comparisons 
 
The correlations between masticatory variables, age, BMI and oral 
conditions are presented in Table 3. Age showed a negative and significant 
correlation with X50 in the “underweight” group, meaning that older children in this 
group have a better masticatory performance than younger ones. DMFT index 
showed a positive and significant correlation with X50 in the “normal” group. 
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Table 3 - Correlation coefficients of masticatory variables with age, BMI and dental 
variables 
Group    Age  BMI Teeth DMFT dmf 
Normal X50 r -0.095 0.017 -0.116 0.403 0.271 
  P .54 .91 .46 .008* .08 
 “b” r -0.014 0.138 -0.063 0.293 0.209 
  P .93 .38 .69 .06 .18 
Underweight X50 r -0.448* -0.024 -0.001 0.172 0.384 
  P .03 .91 .10 .42 .06 
 “b” r -0.147 -0.161 -0.102 -0.092 0.347 
  P .49 .45 .63 .66 .10 
Overweight/Obese X50 r 0.293 -0.195 0.079 -0.23 -0.178 
  P .12 .10 .68 .22 .34 
 “b” r 0.019 -0.065 -0.004 -0.137 0.087 
  P .92 .73 .98 .47 .64 
Values in italics = Pearson’s coefficients 
Values in normal format = Spearman’s coefficients 
*Significant correlation 
 
The results of logistic regression are shown in tables 4 and 5. It was 
observed that underweight children are at higher relative risk of exhibiting poor 
masticatory performance than children in the “normal” group (OR = 1.87) (Table 4). 
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For other variables the risks were similar, as well as for “overweight/obese” 
children (Table 5). 
 




β SE P Odds ratio 95% confidence 
interval 
X50* 0.63 0.25 .01 1.87 1.14 - 3.07 
Gender† 0.75 0.53 .15 2.12 0.75 - 5.95 
DMFT† -0.26 0.54 .63 0.77 0.26 - 2.23 
dmf† -0.69 0.53 .20 0.50 0.18 - 1.43 
 
* Continuous variable   † Dichotomous variable 
β = partial regression coefficient SE = Standard Error  
 
 




β SE P Odds ratio 95% confidence 
interval 
X50* 0.30 0.29 .29 1.35 0.77 - 2.36 
Gender† 0.64 0.54 .27 1.90 0.66 - 5.43 
DMFT† -0.26 0.57 .65 0.77 0.25 - 2.38 
dmf† -0.84 0.59 .15 0.43 0.14 - 1.36 
 
*Continuous variable              † Dichotomous variable 




The distribution of the children according to body variables showed that 
31% were overweight and obese. Despite the small sample size, this value is in 
line with the result of Fagundes et al.,14 who found the same percentage in 1500 
children living in a poor region of São Paulo, Brazil. Another recent study15 
observed that overweight and obesity were more frequent among adolescents of 
better socioeconomic status. For normal weight and underweight children, the 
values were also similar to the above studies. In agreement with Ribeiro et al., 
children and adolescents exhibit high rates of obesity and overweight.16 
Preventive measures in relation to obesity must be encouraged in lower as well 
as higher socioeconomic classes; most children in the present study belonged to 
a very low economic class and their mothers had limited schooling. 
We observed no gender differences related to masticatory performance, as 
reported by others.7,9,17 The possibility of sexual dimorphism in masticatory 
performance remains controversial in adults18, considering that the strength of the 
jaw muscles determines the amount of available force to cut or crush the food. 
However, the difference that exists in muscle strength between males and females 
has been observed during puberty, influenced by androgenic steroids, explaining 
the similar results between boys and girls at earlier ages, as reported here. 
Considering median particle size, normal weight children presented better 
masticatory performance than overweight and obese children. Moreover, there was 
no difference in this variable between “underweight” children and the two other 
groups. At first view, this finding could be considered controversial, since it is 
expected that overweight and obese children have consumed more food than the 
normal and underweight children, and so those children should be chewing more. It 
has been observed that overweight and obese children consume a great amount of 
snacks high in saturated fat19, which are usually easy to chew and consequently 
the masticatory muscles are not exercised enough for breaking down more 
consistent foods, such as the chewable test material employed in the present 
study. Clinical studies investigating the association between dietary hardness and 
obesity are rare, but several animal studies have suggested the beneficial effect of 
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a hard diet on obesity.20,21 Rats fed a hard diet had significantly lower body weight 
and abdominal white adipose tissue than did those fed a soft diet.22,23 Moreover, 
greater dietary hardness was associated with healthier dietary patterns in humans, 
including lower energy and fat and higher protein and dietary fiber.24-26 To better 
understand the association of dietary hardness, body variables and masticatory 
function, further observational and interventional studies are clearly needed. To 
conduct such investigations, it is urgent to develop a database of values for a 
variable indicating hardness (e.g., masticatory muscle activity) for various food 
items.26 
On the other hand, the particle size distribution (“b” value) was similar 
among the three groups. Since the broadness depends on the number of chewing 
cycles,27 these results suggest that despite the decrease in median particle size in 
normal weight children, all children need more chewing cycles to comminute the 
food into particles smaller than the median (X50). 
We observed no significant differences in dental variables among children 
with different BMI, despite considerations regarding food type and amount in 
overweight and obese children. This finding supports those by Pinto et al.28 and 
Hong et al.29, who observed no significant association between childhood obesity 
and caries after controlling for age, race, and poverty/income ratio. Conversely, 
Marshall et al.30 concluded that caries and obesity coexist in children of low 
socioeconomic status, but SES plays a role in caries development that is 
independent of the role played by obesity. The authors pointed out that self-
reporting of dietary data was a limitation of their study, as well as the measures of 
SES, which were assessed once at the beginning of the study and could have 
changed during the ensuing years. Moreover, significant correlation between the 
BMI and caries frequency existed and persisted even after adjustment for the age 
of the children, according to Willershausen et al. In our study, it is possible to infer 
that the preventive measures adopted in the children’s schools could be 
superposing the high consumption and high-fat diet common among overweight 
and obese children. These measures include information about oral hygiene and 
dental care, as well as the addition of fluoride to toothpaste and to water in 
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Piracicaba City. Obesity is a complex issue with multiple etiological factors, which 
must be investigated for association with genetic, dietary and demographic 
characteristics. 
A moderate negative correlation between X50 and age (r=-0.448) occurred in 
the “underweight” group. Increased masticatory performance may be a 
physiological adaptation to increased age, since the oral sensorimotor pathway 
matures throughout childhood in concert with the continued acquisition of complex 
motor skills.32 Increased muscle strength in older children of this group could have 
improved masticatory function. 
Furthermore, children in the normal weight group with high DMFT values 
demonstrated inferior masticatory performance. The distribution of functional tooth 
contacts may be a relevant factor affecting masticatory performance.8 Dental caries 
or inadequate restorations can affect the occlusal contacts, decreasing the ability 
to comminute foods effectively. This finding is in line with the difference observed 
in median particle size between “normal” and “overweight/obese” children, since 
the food type characterizing the diets of “overweight/ obese” children does not 
require the same effort to be chewed; therefore poor dental conditions or tooth loss 
would exert less of an effect on chewing. The significant correlation between 
masticatory performance and age could explain the lack of a difference in median 
particle size between underweight children and the other two groups. 
Nevertheless, the lack of correlation in this group suggests that more studies are 
necessary, considering the factors that influence masticatory performance and 
body variables. Furthermore, those considerations must be interpreted with 
caution, since dietary habits were not evaluated, which could be considered as a 
limitation of this study. 
A multiple logistic regression analysis showed that being underweight was 
significantly associated with poor masticatory performance. The probability of poor 
masticatory performance was two-fold that in normal weight children. Number of 
teeth and dental conditions had no effect. 
A low BMI is easily explainable; real functional difficulties that can prevent 
normal eating in some cases. Some subjects with relatively poor mastication 
 19
limited their food selection and hence reduced nutrient intake.33 On the other hand, 
better masticatory performance was not likely to be associated with being 
overweight or obese. Declining masticatory function can lead individuals to avoid 
foods considered difficult to chew and to favor instead soft, easily chewed food.34 
Such food selection habits may result in simple carbohydrate-rich diets, which are 
high in calories but low in dietary fiber, vitamins and proteins,35 thus leading to 
weight gain. In view of these findings, declining masticatory function might well be 
a significant problem in children, due to growth and development. 
 
Conclusion  
Overweight and obese children presented lower masticatory 
performance than normal children. Poor masticatory performance had a significant 
relationship with being underweight and with the conditions of permanent teeth in 
normal-weight children. Most of the children studied belonged to very low 
economic class and their mothers had limited schooling; these factors did not 
influence the BMI categories.  
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De acordo com os dados apresentados, pode-se concluir que as crianças 
do grupo “normal” apresentaram melhor performance mastigatória do que as 
crianças do grupo “sobrepeso/obeso”. A performance mastigatória foi 
significativamente associada ao “baixo” peso e às condições dos dentes 
permanentes em crianças com índice de massa corporal normal. A maioria das 
crianças pertencia a classes sócio-econômicas mais baixas e as mães tinham 
menor grau de escolaridade, fatores que não tiveram influência das categorias de 
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE) AO 
VOLUNTÁRIO DE PESQUISA 
Número de registro no CEP: 037/2006 
ATENÇÃO: As informações contidas a seguir têm o objetivo de firmar o acordo 
por escrito mediante o qual o voluntário da pesquisa autoriza a sua participação 
com pleno conhecimento da natureza dos procedimentos a que serão submetidos 
com a possibilidade de livre arbítrio e sem qualquer coação. 
 
Título do projeto de pesquisa (trabalho): “ASSOCIAÇÃO ENTRE 
PERFORMANCE MASTIGATÓRIA, FORÇA DE MORDIDA E CONDIÇÕES 
DENTÁRIAS E OCLUSAIS EM CRIANÇAS”. 
 
Local da pesquisa: Faculdade de Odontologia de Piracicaba - FOP - UNICAMP. 
 
1) INTRODUÇÃO: Por favor, leia este termo cuidadosamente, pois as 
informações a seguir irão descrever esta pesquisa e sua função nela como 
participante. Caso tenha qualquer dúvida sobre este estudo ou termo, você deverá 
esclarecê-la com os pesquisadores responsáveis pelo projeto. Este documento 
será assinado em 02 vias, uma que será arquivada pelos pesquisadores e outra 
será entregue ao voluntário e/ou responsável. 
2) OBJETIVOS: O objetivo da pesquisa será avaliar a Performance 
Mastigatória e a Força de Mordida e correlaciona-la com as condições dentárias e 
oclusais em crianças de 08 a 12 anos, na fase da dentição mista. 
3) JUSTIFICATIVA: Os padrões funcionais básicos da oclusão são 
estabelecidos antes da dentição permanente, tornando os primeiros estágios de 
desenvolvimento oclusal de extrema importância, influenciando diretamente o 
desenvolvimento da dentição permanente, tanto no aspecto morfológico como no 
funcional. O desempenho mastigatório relaciona-se com a oclusão e o número de 
dentes presentes, sendo a performance mastigatória pouco abordada em 
APÊNDICE 1 
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crianças, e como a metodologia da avaliação é facilmente aplicada, sua 
determinação torna-se viável e importante, obtendo-se dados que servirão para 
avaliar se o processo mastigatório está se processando adequadamente. Além 
destes fatores, observam-se poucos trabalhos na literatura relativos à avaliação 
muscular em crianças. O diagnóstico precoce de alterações permitirá intervenções 
que poderão influir na integridade morfofuncional do Sistema Estomatognático 
4) DESCRIÇÃO DO ESTUDO: Para a realização do trabalho serão 
selecionadas aproximadamente 120 crianças, de ambos os sexos, de 8 a 12 anos 
de idade na fase de Dentição Mista, das Escolas Municipais de Piracicaba onde 
serão avaliados e correlacionados a Performance Mastigatória e Força de Mordida 
com as condições dentárias e oclusais. As condições dentárias serão avaliadas 
pelo CPOD-Inovado e pelo índice de necessidade de tratamento. As condições 
oclusais considerarão a oclusão normal, classes de Angle, mordida cruzada, 
sobressaliência e sobremordida. A criança será informada previamente sobre as 
avaliações: do exame clínico; da Performance Mastigatória e Força de Mordida e 
caso demonstre incapacidade ou recusa na realização da parte experimental, não 
será incluída na amostra. Salienta-se que os exames serão realizados 
exclusivamente com finalidade científica. Os pacientes que apresentarem 
necessidade de tratamento dentário serão encaminhados às clínicas de 
graduação e/ou especialização em Odontopediatria da FOP/Unicamp. 
DESCONFORTOS: Os exames que irão avaliação as condições bucais e dentárias 
não apresentarão desconfortos, uma vez que somente serão empregados espelho 
bucal e sonda exploradora. A análise da Performance Mastigatória consistirá na 
mastigação do alimento teste artificial Optocal plus que possui aceitação pelo sabor 
agradável e isto constitui-se num dos fatores de escolha deste material. A Força de 
Mordida será obtida utilizando um tubo de fibra reforçada, pressurizado, conectado 
ao sensor de pressão, que será mordido pelo voluntário, informando-lhe que não 
causará nenhum desconforto.  
            Se houver impossibilidade de realização do exame, por este ou qualquer 
motivo, o voluntário poderá optar em retirar seu consentimento em participar da 
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pesquisa sem prejuízo, represália ou qualquer tipo de penalidade, prejuízo ou 
alteração em seu tratamento.   
RISCOS: Ressalta-se que será realizado em local adequado obedecendo 
às normas internacionais de bioproteção (esterilização correta dos materiais de 
exame, uso de luvas descartáveis, avental, máscara e gorro, dentre outros).  
    Sendo assim, as modalidades de exames não apresentam riscos, ou, ao 
menos, são considerados desprezíveis aos voluntários. 
5) BENEFÍCIOS DO EXPERIMENTO: O desempenho mastigatório relaciona-
se com a oclusão e o número de dentes presentes. Sendo a Performance 
Mastigatória pouco abordada em crianças, e como a metodologia da avaliação é 
facilmente aplicada, sua determinação torna-se viável e importante, obtendo-se 
dados que servirão para avaliar se o processo mastigatório está se processando 
adequadamente. Além disso, o diagnóstico precoce de alterações permitirá 
intervenções que poderão influir na integridade morfofuncional do Sistema 
Estomatognático 
6) MÉTODOS ALTERNATIVOS EXISTENTES: Não existem métodos 
alternativos. 
7) INDICAÇÃO DA FORMA DE ACOMPANHAMENTO E ASSISTÊNCIA: A 
pesquisadora e seu orientador assumem o compromisso de proporcionar 
informações atualizadas obtidas durante o estudo, ainda que essas possam afetar 
a vontade do indivíduo em continuar participando. 
8) GARANTIA DE ESCLARECIMENTOS: O pesquisador responsável assume 
total compromisso de esclarecer, na realização da pesquisa, seja antes ou durante 
sua realização, qualquer dúvida (sobre a metodologia da mesma ou afins), que os 
voluntários eventualmente possam ter.  
9)   INCLUSÕES E EXCLUSÕES: Este estudo irá avaliar e correlacionar a 
Performance Mastigatória e Força de Mordida com as condições dentárias e 
oclusais em 120 crianças na fase da Dentição Mista, na faixa etária de 07 a 11 
anos. Serão considerados, após a obtenção da anamnese, itens que caracterizem 
critérios de exclusão: presença de distúrbio de origem sistêmica que possa 
comprometer o sistema mastigatório, como distúrbios neurológicos, paralisia 
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cerebral entre outros; utilização de medicamentos que possam interferir na 
atividade muscular, direta ou indiretamente, como anti-histamínicos, sedativos, 
xaropes, homeopatia, ou seja, drogas que deprimem o Sistema Nervoso Central; 
comportamento inadequado e/ou recusa de colaborar na avaliação das variáveis 
propostas. Isto poderá ser confirmado após o exame clínico. 
10) RETIRADA DE CONSENTIMENTO: Os voluntários têm a liberdade de 
retirar seu consentimento a qualquer momento e deixar de participar do estudo, 
sem que haja qualquer tipo de prejuízo ou alteração do seu tratamento. Em 
caso de dúvida quanto aos seus direitos, deverá escrever para o Comitê de Ética 
em Pesquisa da FOP-UNICAMP. Endereço - Avenida Limeira, 901-CEP/FOP-
13414-900 – Piracicaba – SP. 
11) POSSIBILIDADE DE INCLUSÃO DE GRUPO CONTROLE: Uma vez que o 
estudo trata-se de associação entre variáveis , não será utilizado grupo controle.  
12) GARANTIA DE SIGILO: Os dados obtidos na pesquisa têm finalidade 
exclusivamente científica, sendo assegurada a privacidade e não-estigmatização 
dos sujeitos da pesquisa. 
13) GARANTIA DE RESSARCIMENTO DE POSSÍVEIS DESPESAS: Os 
voluntários serão totalmente isentos de qualquer despesa envolvida na 
pesquisa, uma vez que os participantes serão atendidos pela Faculdade de 
Odontologia de Piracicaba, e aqueles que não tiverem condições para transporte 
receberão avaliação sócio-econômica pelo setor de Serviço Social, para fins de 
ressarcimento.  
14) INDENIZAÇÃO AOS DANOS: Não há danos previsíveis decorrentes da 
participação nesta pesquisa. Caso, porém ocorram, os voluntários terão total 
liberdade e devem entrar em contato com o pesquisador explicando o ocorrido, 
para que possam ser indenizados pelo mesmo. 
15) CONTATOS: Se ainda houver alguma dúvida, você poderá receber maiores 
esclarecimentos:  
Pesquisadores Maria Claudia de Morais Tureli, Profa. Dra. Cecília Gatti Guirado e 
Profa. Dra. Maria Beatriz Duarte Gavião, através do seguinte contato: Av. Limeira, 
901, Bairro Areião - Caixa Postal 52 Piracicaba - SP - Cep.: 13.414-903  
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Tel: (0xx19) 3412-5/ 3412-5285 
 E-mail: turelli.mc@fop.unicamp.br, gatti@fop.unicamp.br 
Ou: Comitê de Ética em Pesquisa FOP-Unicamp (CEP): Av. Limeira,901-Caixa 
Postal 52, Piracicaba-SP- CEP-13414-900, Tel/Fax-(0xx19)3412-5349 
Fax-FOP(0xx19)3412-5218  
E-mail: cep@fop.unicamp.br 
16) CONSENTIMENTO PÓS-INFORMADO: 
Eu ________________________________________________, declaro que 
após ter lido as informações acima e ter sido suficientemente esclarecido (a) 
pela Dra. Maria Claudia de Morais Tureli, estou plenamente de acordo com a 
realização do experimento. Autorizo minha participação/ de meu filho(a) 
nesta pesquisa e também a liberação dos dados obtidos durante a pesquisa 
aos pesquisadores para publicação em revistas científicas ou apresentação 
em congresso. Assim, garanto a minha colaboração e participação, sob 
minha responsabilidade, neste estudo. Declaro ainda que após ter lido e 
assinado este termo em duas vias, foi-me entregue uma via.  
 
 
Piracicaba, ____ de _________________ de 2006. 
     

































































Nome__________________________________________  Apelido __________ 
Data de nascimento _____/_____/______   Idade_____ anos e _____meses 
Sexo__________      Raça__________________ 
Endereço_____________________________________Bairro________________ 
Cidade______________________CEP_____________Telefone______________ 
Pai ________________________________________________Idade ______anos 
Estado civil:          solteiro        casado        divorciado       viúvo         outros 
Grau de instrução:       sem escolaridade        1º grau       2º grau        superior 
Profissão________________________________ 
End.comercial_________________________________________Fone_________ 
Mãe ________________________________________________  Idade ___ anos 
Estado civil:       solteira        casada        divorciada       viúva         outros 




Renda familiar total________________________________________________ 






TIPO SIM NÃO ESPORÁDICO NOITE CONTÍNUO
Sucção dos dedos      
Sucção de chupeta      
Sucção dos lábios      
Mordedura dos lábios      
Chupeta e dedos      
Onicofagia      
Bruxismo      
Respiração bucal      
Deglutição atípica      
Fonação anormal      
 
MARCA OU TIPO DE CHUPETA_______________________________________ 
INÍCIO (hábito)_________________   FINAL (retirada do hábito)______________ 
MÉTODOS USADOS PARA DOMINAR OS HÁBITOS_______________________ 
CARACTERÍSTICAS COMPORTAMENTAIS: 
 agitado      irritado          triste 
 calmo        ansioso         desanimado 
 alegre        desatento     atento 
 normal       outros 
 
3. PESO _________ Kg     ALTURA _________cm 
 
4. AVALIAÇÃO PREVENTIVA 
Cárie dental na família:     mãe     pai     irmãos 
Comentários_____________________________________________________ 
Higiene dental:   escova    fio dental      outros 
Freqüência: _______________________ 
Responsável pela escovação:     pais  criança  ambos 
Informação sobre higiene bucal  sim  não 
por__________________________________________________________ 
Água fluoretada:      sim   não 
Comprimidos ou gotas:     sim   não 
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5. HISTÓRIA DENTAL 
Primeira visita ao dentista _____________ 
Comportamento:      Bom  Regular   Ruim 
Problemas manifestados 
 Cárie 
 Dor de dente -       ao comer  espontânea  à noite 
 Abcesso -      Inflamação     Febre 
 Dentes manchados 
 Sangramento gengival 
 Traumatismo 
 Dentição decídua: data _________________ idade_______________ 
tipo __________________ seqüela _____________ 
tratamento __________________________________ 
 Dentição mista: data _________________  idade  _______________ 







































































Optocal (Slagter et al., 1993)
• Optosil 7.125 g (NF®)
• Toothpaste 3.375 g (Colgate®)
• Vaseline 0.375 g (Rioquímica®)
• Powder of dental plaster 1.125 g (Herodent-SoliRock-Vigodent®)
• Alginate powder 0.5 g (Jeltrate®)
• Catalyst paste (0,225 g)
17 cubes - 3 cm3 - 20 chewing strokes
electrical stove for 16 h 60 ºC - polymerization
Particles: removed of the mouth / washed and dried
Sieve process – Mechanical shaker
20 minutes
weighting process: test food + sieve
digital scale: nearest 0.0001g
fragmented particles analysis 





























































































































































































Comprovante de Submissão de Artigo para Publicação 
 40
 
Tabelas de crescimento – Growth Charts 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ANEXO 4 
http://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/about_childrens_bmi.html 
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